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ABSTRACT
Ergonomics is the scientific discipline concerned with the understanding of interactions among humans and
other elements of a system. Ergonomics contributes to the design and evaluation of tasks, jobs, products,
environments and systems in order to make them compatible with the needs, abilities and limitations of people.
In the safe operation of nuclear power plant the performance of the control room crews plays an important role.
In this respect, well-designed human-system interfaces (HSI) are crucial for safe and efficient operation of the
plant, reducing the occurrence of incidents, accidents and the risks for human error. The aim of this paper is to
describe a case study in which a methodological framework was applied to redesign advanced interfaces of a
nuclear simulator.
1. INTRODUCTION
After the accident at Three Mile Island (TMI) a critical review of plant design in several
countries, with respect to human-system interface, was determined by the International
Atomic Energy Agency (IAEA). Human factors were considered in a much broader sense and
an additional chapter 18 was included in the Final Safety Analysis Report (FSAR),
addressing the human factor engineering (HFE). The content of this new chapter was based
on the standard review plan [1] from Nuclear Regulatory Commission of the United States of
America, which defined the nine areas of human factor review [2]. The following elements
are recommended to be included in this program: operating experience review, functional
requirement analysis, functions allocation, task analysis, staffing qualification, human
reliability analysis, human system interface design, procedure development, training, human
factors verification and validation. Human factor studies are essential in ensuring that the
interaction between operators and interfaces meet its primary objectives, improving the
actions performed by the operators, including finding and retrieving information, navigation
and the control of the process.
The aim of this paper is to present a methodological framework to design the new interfaces
of an advanced control room of a nuclear power plant simulator. This framework is based on
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ergonomics methods to evaluate complex systems, human-systems interfaces and the
operators` performance. The data gathered through these methods were used to develop the
new interfaces of the advanced control room of a nuclear simulator.
2. THE EVALUATION OF HUMAN-SYSTEM INTERFACES
Human-system interfaces have significant implications in the safety of the nuclear power
plant, once they affect the mode that operators search for information related with the status
from the main systems, influence the operator activity and determine the necessaries
requirements, so that the operators can understand and supervise the main parameters. In this
paper the evaluation methods used by ergonomics are classified as conceptual evaluation,
static evaluation and dynamic evaluation [4]. In the first case, the evaluation can be carried
out by experts using some tools as task analysis, operational experience with similar systems,
safety analysis reports, functional specification and drawings. In the second case, the system
is represented by samples taken from performance recordings using results of runs with the
real system or prototype. In the last case, the process is simulated, the operators have a degree
of psychological involvement and they react to the simulated process in a realistic manner.
The field study is another form of dynamic evaluation. It allows the observers to identify not
only actions related to prescribe work, but also side activities not formulated in the frame of
the task description. What is discovered, through direct observation or with the aid of
cameras or recorders, is the set of signals picked up by the operator in the information field.
Interview. Structured interviews are useful for obtaining simple information, rather than
complex opinions. Less structured interviews with open questions are more appropriate for
address inherently complex issues, where ambiguities in the questions or answers can be
clarified through the interactions between interviewers and interviewees.
Walk and talk-through. In a walk-through and a talk-through, users perform selected
activities and provide information to the HFE analyst either in response to questions from the
analyst or as a narrative of their thoughts as they carry out their actions.
Questionnaires. A typical questionnaire consists of a limited number of questions, focused
in the topic of interest, such as the operator opinion with design of the existing interfaces,
operation problems, difficulty in the interaction, difficulty to perform tasks, physical interface
properties, and monitoring problems.
Checklists.The human factors checklists establish a review method to assure that the design
has definitive and important criterions, establishing a comparison with the desired standards.
They must indicate in clear and accurate way the information that is being looked for. They
must be written in order to only provide two answers, yes or not.
Ethnographic study. Ethnographic study is a qualitative research method which aims to
develop a thorough understanding of the current work practices of the users. The analysts
visit users at their working environment and observe them as they carry out their tasks.
Simulator. Performance based tests involve asking users to perform scenarios, such as a
plant startup, and measures of the users performance are obtained, such as time to complete a
task, workload, and user opinions. This type of test requires a fairly controlled environment
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where the same scenarios can be repeated and used some type of simulation or engineering
test facility, such as partial and full-scope simulators.
QUIS questionnaire. The questionnaire covers topics such as the user satisfaction with the
interface design, operation, interaction, presentation of information, difficulty to perform
tasks and physical interface properties. The users are asked to rate their opinions by means of
a simple subjective rating scale reproduced for all questions.
3. THE NUCLEAR POWER PLANT SIMULATOR
In order to support the application of the human-system interface of the Brazilian nuclear
power plant, the Brazilian Nuclear Energy Commission (CNEN) together with the
International Atomic Energy Agency (IAEA) and the Korea Atomic Energy Research
Institute (KAERI) developed an experimental facility for human factors research, the Human-
System Interface Laboratory (HSIL).  The purpose of HSIL is to develop improved control
room solutions and identify factors that enhance human performance and nuclear safety.
HSIL is formed by an advanced control room. There are three operators in the HSIL control
room. The Reactor Operator is responsible for the nuclear energy generation of the plant. The
Turbine Operator manages the plant’s electricity production. The Supervisor has the final
authority in the control room and coordinates the crew.  Each operator workplace is formed
by three video display units, each one with mouse and keyboard. An overview display, based
on direct beam projector, is also provided in the control room.  The simulator cover all plant
operation modes and postulated accidents such as start-up, full power, cold shutdown, hot
shutdown, loss of coolant accident (LOCA), steam generator tube rupture (SGTR) and
reactivity accidents. The HSIL simulator is a model of a Westinghouse nuclear power plant,
which represents a Pressurized Water Reactor (PWR) with a power of 930 MWe. The human-
system interfaces are: main menu, reactor coolant system, chemical and volume control
system, residual heat removal system, main steam / turbine system, feedwater system,
condenser system, electrical system, rod control system, reactivity control system, alarms
display number 1, alarms display number 2, alarm message system, control and shutdown
banks, trend graphs and a process overview picture displayed on a large screen. The Main
Menu and the Main Steam/Turbine interfaces are shown in figure 1.
Figure 1. Main Menu and Main Steam/Turbine System
Control PanelViewing Area Navigation Panel
CommandTitle area Link icons
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4. THE METHODOLOGICAL FRAMEWORK
The principal objective is to get data through a methodological framework centered on the
ergonomics evaluation of the existing interfaces and use it in design of the new advanced
interfaces of a nuclear power plant simulator. The methodology is shown in figure 2. We
decided that the identification of the SGTR and LOCA scenarios are representative of the
type of emergency transient encountered within Pressurized Water Reactors (PWR), being
well understood by the operators.
Figure 2. Methodological Framework
Interview and Questionnaire. It was used a less structured interview, covering topics such
as the operator satisfaction with interface design, operation, interaction, presentation of
information, difficulty to perform tasks, physical interface properties and monitoring. The
reactor operator, turbine operator and supervisor were interviewed. A questionnaire with
fifteen questions related with operators tasks, workplace, problems with interface design and
interaction, difficulty to understand alarm messages, information display and controls was
answered by the operators and supervisor.
Checklist. Our interface checklist was based in the NUREG 700 guideline [5] and it has
seventy-two questions. The checklist was answered by two operators. The following items
were evaluated: display formats, labels, icons, borders, color, user-interface interaction,
arrangement of menus, display selection, navigation, controls, input devices and alarm
system.
Analysis of the operator activity. This analysis of the operator activity captures the richness
and the complexity of operators work activity. The data collection was effected through
writings, photographs, simulator logs and audio-video recording system. Each operator was
instructed to go about their tasks as usual, and not to pay any special mind to analyst as they
work. During the experiment, only one crew of operators was tested in a scenario simulating
LOCA and SGTR accidents. Before the experiment, operators participated in a training
program focusing on familiarization to the human-system interfaces and on familiarization to
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the simulated process model. The experiment was repeated twice for each scenario (LOCA
and SGTR).
4.1 The Results of the Ergonomics Evaluation of the Existing Interfaces
Through the methodological framework, we drafted a list of interfaces deficiencies related to
alarm system, screen information, screen visual, components, navigation, interaction and
controls. These interrelated problems were chosen for their importance to operator
effectiveness.  Some partial recommendations are summarized below.
• Alarm system
1. Text descriptions of the alarms are written in abbreviations of English. This is
especially problematic for Portuguese speaking operators. The system consists only of
a list of alarms with no variability in display for the type and severity of the alarm.
• Screen information, screen components, screen visual
1. There are many different unit names (e.g., gallons/minute, liters/second).
2. There are many data without unit; some scales are not appropriate.
3. The position of digital display and components (pumps, valves) are not uniform.
4. Some displayed data are highlighted by dark color, another not.
5. The graphical representation of the plant components is not uniform.
6. Some plant components and flow directions of nuclear process are not identified
correctly.
7. Plant Components, flow directions are not readily discriminate against the background
color of the screens.
• Navigation
1. The navigation through the screens using arrow buttons is not clear.
2. The History/Previous buttons are not functioning correctly.
3. The interface design does not show which elements (e.g., pumps, valves) can be
manipulated, which are locked out or which are automatic.
4. There are some problems with the navigation using graphic links. Links between
some screens do not represent clearly the process flow.
5. Through the operator activity analysis, we observed that the operators always returned
to the Main Menu screen, searching for the correct navigation button. They prefer the
navigation buttons to graphic links. It is possible to reduce the navigation time
between the systems during accident scenery.
• Controls
1. The operations (ON, OFF, START, INCREASE, DECREASE, STOP) are controlled
from the control panel area. On the click of control object, the pop-up window shows
the respective control. We observed that the operators when manipulated specifics
valves or pumps, after clicking mouse, the pop-up windows control buttons not
appeared in the control area.  The pop-up windows appeared in the screen viewing
area. It is a problem, because plant parameters and variables important to safety were
not readily accessible in a way that is convenient. The pop-up windows were
interfering with the reading of displayed information.
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5. THE DEVELOPMENT OF THE NEW INTERFACES
The HSIL simulator requires an HP workstation running the HP-UX 11 O/S and loaded with
a human-system interface (HSI) builder software.  The HSI builder is a window based
graphic tool for designing interfaces for process control and monitoring system. The
functional overview of simulator screens is created using ILOG 4.0 views studio software
which prototypes graphical user interfaces based on window system. The design of the new
interfaces was carried out with the HSI builder and ILOG software tools.
6. THE INTEGRATED EVALUATION OF THE NEW INTERFACES
This phase encloses checklists, operator activity analysis and user satisfaction questionnaire.
In this phase was used the same interface checklist presented in section 4. The checklist was
answered by two operators. The tests were carried through the nuclear simulator of the HSIL
laboratory. The data collection was effected through simulator logs and audio-video
recordings. During the experiment, only one crew of operators was tested in a scenario
simulating a LOCA and SGTR accident. Before the experiment, operators participated in a
training program focusing on familiarization to the new human-system interface. The
experiment was repeated twice for each scenario (LOCA and SGTR).  A questionnaire for
user interaction satisfaction was given to the operators, after they carried out the tests. The
questionnaire covered topics such as the user satisfaction with the interface design, operation,
interaction, presentation of information, difficulty to perform tasks and physical interface
properties. The operators were asked to rate their opinions by means of a simple subjective
rating scale reproduced for all questions.  We used a modified Questionnaire for user
Interaction Satisfaction (QUIS), a tool developed at the University of Maryland.
6.1 The Results of the Ergonomics Evaluation of the New Interfaces
We drafted a list of interfaces modifications that were implemented in the redesign of the
following systems interfaces: main menu, reactor coolant system, chemical and volume
control system, residual heat removal system, main steam / turbine system, feedwater system,
condenser system, electrical system, rod control system, reactivity control system, alarms
display number 1, alarms display number 2, alarm message system, control and shutdown
banks and trend graphs.  Some partial modifications are summarized below.
• The new text description of the alarm system has been separated in lines describing the
relationship between the variables state, cause and effect of the alarms.
• All unit names have been uniformed; the position of displays, plant components has been
uniformed.
• The graphical representation of all plant components has been uniformed; the label of all
plant components has been uniformed and identified correctly; the flow direction of the
nuclear process has been clearly indicated.
• The background color of the systems interfaces has been modified.
• The History/Previous buttons are functioning correctly.
• The new interface design highlights the pumps, valves which can be manipulated.
• Some graphic links have been positioned and new graphic links have been inserted in the
mimic lines.
• The layout of the all systems interfaces has been redesigned. Navigation buttons related to
all systems, trend graphs, alarms system has been included in the right side of the screens
INAC 2007, Santos, SP, Brazil.
layout. The new design requires less screen navigation, then decreasing the navigation
time between the interfaces. All necessary information is displayed simultaneously and in
close proximity.
• The new layout of the Main Menu allows that the less experience operators have an
integrated vision of the nuclear process. The main components of the plant are shown in
the new Main Menu.
• All pop-up windows control buttons has been positioned in the control area.
The layout of the new main menu and reactor coolant system is shown in figure 3.
Figure 3.  New Main Menu and Reactor Coolant System
7. CONCLUSIONS
The results related with the existing interfaces and new interfaces checklists are shown in
table 1. The percents are related with the answer YES to each question. Through the data
obtained from simulator logs and audio-video system was possible to quantify the time
interval since the reactor tripped until the identification by the operators of the type of
postulate accident. The result is shown in table 2. Two operators and one supervisor were
asked to fill out a modified version of the QUIS user satisfaction questionnaire. The scores
ranged from 1(the most negative response) to 9 (the most positive response). The user
satisfaction item was calculated for reactor operator and turbine operator (table 3). The results
related with the existing interfaces and new interfaces checklists (table 1) show that YES
percents to the new interfaces are greater than existing interfaces. It proves that the new
interface design satisfies a group of human factors requirements. The results shown in table 2
allow us to conclude that with the new interface design the operators spent too less time to
identify the type of postulate accident and that the navigation between the interfaces have
been optimized. The QUIS questionnaire results (table 3) show that new interfaces have a
good satisfaction item.
New Control PanelViewing Area New Navigation PanelCommand
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Table 1-  Checklists
Existing Interfaces New Interfaces
Reactor Operator 88,9% Reactor Operator 94,5%
Turbine Operator 80,6% Turbine Operator 94,5%
Table 2- Mean Time to Identify the Design Basis Accident
Screens LOCA Std. Dev. SGTR Std. Dev.
Existing Interfaces 362 seconds 2.8 490 seconds 2.8
New Interfaces 338 seconds 1.4 428 seconds 1.4
Table 3- Individual Category of Satisfaction
Category Mean Std
Dev
Overall Operators Reaction 7.4 0.34
System Interfaces 7.2 0.30
Learning 7.2 0.32
Terminology Interfaces and Information 7.2 0.35
Interfaces Capabilities 7.0 0.38
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